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(57) Abstract: 



PROBLEM TO BE SOLVED: To securely specify a current 
source without erroneously estimating a current source 
at a grid point far away from the other gird points. 

SOLUTION: A fine magnetic field from the biological 
activity current source of a subject M is measured by a 
multichannel SQUID sensor 1 and its magnetic field data 
are stored in a data collecting unit 5. A data analytic 
unit 8 estimates the group of grid points in the 
diagnostic object region of the subject M and obtains a 
current source on each grid point by a method of linear 
least squares using the condition of minimizing the sum 
of the error of squares of a calculated magnetic field 
and a measured magnetic field and the sum of squares 
with the weight of the power source. At the time, the 
square value of the current source is respectively 
weighted by a weighting factor decided based on an 
average distance between the grid point and all of the 
other gird points by each grid point Then a current 
source corresponding to the case of minimizing the sum 
of these in the large area is estimated to be a real 




page -1- 



<.mn*m#mt up) (12) Q §ft ^ Q ^ (a) aiNHftuaftn** 

#|PW10-211181 

(43)&ilB ¥j£10*P (1998) 8 Bll B 

(51)IntCl.' MtlNG* F I 

A6 1B 5/05 A6 1B 5/05 A 



m&s&i OL C± 11 H) 



(21)ttiB#^ 


»S¥9- 16679 


(71)ffl®A 


000001993 










(22)tiJJSB 


¥j£9*P(1997) 1M30B 










(72)$e9H# 


mm aast 






















(74)«;1!A 





(54) mwn&m tkmzsMffimmfemm 



(57) [gftj] 

|?£v;l^? + >*;USQU I D-fe>t*- 1 T?if LT, 
-*DWfai7 H8B. &t£tf M©l£K*fflM*gcK:t&i : - 

u «*?-j±ll©*«s*. ©ai^tiii'j^ 

««©2iiii. «&iK©S#tt* 2 Sfc*0 £©«]£& 



in 



3E 



Lfl 



I ^ 



V- ft 




m 

a 
m 

B 


















7 



(2) 



10-211181 



£. (b) BulB#«m-fe>^<fco-Ct^")$^fcS8^7 r 

( c ) tflie-?^ $ juf*- * cc^ft snfcsawf'- # £jr 

* L rlEtg-r 5f-f £ . ( d ) tifflB&K&ft 

£ . ( e ) milBS-tS^.#J:©*»]©miS®*5S«TfiSW 
iWSE? 5 - *JR«^SCCSEtt 3 tlfclMH? 5 - *© 2 SHIS 
M£. B&SB«&S«i©S#tt* 2 *?0£©fn**/hK:-r S 
£ C » 5 S C £ K J: 13 **0©SiSig=& S 

w#s i . ( f ) mu^tbtcmm. & n- 1? l 

- *|R**&KE«;S fifcSWf 5 - * £© 2 Jflls^SrS 
K£ . ( g ) ffIB 2 «Bafe**tf R«kAW«fl«Hc*/b-c 20 

£OBB£&#^iftK&/jN£«$ ftfcig£©®»K#ic; 
r s®ftas**©®ftS5i£ asrr &ttmm£^ft& . 
( i ) mimmffl&m&m-cMjtztitc'm.WLmz. buib 

£ ^©ffi©^^* £ ©^ffiiiccs-^^-r 

as© 2 mfcicztiZ'tT.mfrtttt&tji s nt ms&g?©** 

[0 00 1] 

[»»©«■*- s coisiB, 40 

or 1 j) 



B ■ = E (VPj 
i- t 



B: = E (VPj • azi) 
j» 1 



B. = E (VPj • or Bj ) 

J - 1 



C&*.£ J: 5 K-r^/c*©s^(cK-r £. 

[0002] 

[0003] i£¥. *f*rt©jR/h<caa»*i»j"r**s« 

£l/"t?. SQU I D (Superconduc-tinq Quantum Inter 
face Device : SSiSS^ =P^tt) £fflt,>7c-fe>tJ-#&Jl 
^SSttTt,**. C©i2>-9-^rSIg|5©^fflJtcg#. flgficc 

m{cM«u/cm^©{4s, ifij#,-**$%«BeL,. «t 

[0 004] SSSiSOJtS^a© — >iut, A 

>[\; )l&m%m^tc^m&$)Z> (m^t, W.H.Kullman 
n, K.D.Dandt, K.Rehm, H.A.Schlitt, W.J.Dallas and 
W.E. Smith, Advances in Biomaqnetism, pp. 571-574, P 
lenum Pless, New York, 1989) „ 

[ooosiaT. miz&mvx. ws*jj£km 

«C. ®8i1*MlcmmLT-7)l?-?- + >*;USQU I D-fe 

i* 5 iB<t5n^> 0 t>^sQuiDt> 
im«. 7 r ^r-<kBf«n-2.sigi^tc^©®a-fe>-9- 

[0006] -^r. tttt»M<D»»Dtt*««-r»&fflit. 

5fe*0©mS£?S (SSe^S-?-) ?r{S^b. MSi43^ 
TC^hf^VP, ( j = l^n) vm?. frST&t. S 

qu i D-tyy- 1 ©§6am-fe>s, -s. -c^a^ns 
fie^B, ~b. k. ;xs;cd r«5*is„ 

[0 00 7] 

[»1] 



(1) 



(3) 



«FIH¥1 0-211181 



[0008 ] Kite^T. vp, = (P 1x , P 1v . P 

aii= (<2nx. any. a iir ) 

[000 9 ] CCt, CB) = (B t , B, , 

B B ) > 

or 1 1 ic f or i i v, or i i z 



^ CPD — (PlXi PjY • Pill PlK> PlV« P*Z» "**• 
P P P ) 

*■ nx» * nv» •» n z / 

CB) =A CP) (2) 

(2) 5£&c*5i>T v a«^S;(3) rsi£*i&3 n x m <i<D 

[0010] 
[ft2] 

& I nX. | nYt Of I DZ 



Or»lX, OTmi v. Of .12 



•«• •»• • 



Of anY, CK mm 



[00 11] CCf. AOS5?f5>J*A- T'il-fi. 

CP] «^(4) -ca$n-5» 0 

CP) =A" CB) (4) 

-S. ©<I&) £<0b, 7M®M3n <«4»^tc 20 
ffi3ES*-i**ifc»©X, Y, Z#Gl©:**S**iLfc 
tl^o*^) ^^^^pfjgior. SifcasiCP) 
©y;i/A i cpd i £*/Mcrs£i,o&tt£ttfln-r4 

Ctr«SSE2R CP) <DM*mt>Zb<DV$>2>. ft*J, ± 

[0 0 1 2 ] -mmm CP) O^jua | CP) I fcS'He 
CP) =A' CB) (5) 

cct. a- tt^(6) TS^ns- nmim~c$>z>. 

A* =A t (AA* ) "* (6) 

tctcL. A' ttA<Dit£gtf?ijT-&&. 

[0013] ±sec5) =&jBt,»rs^.*_h©s^asvp 1 

©#fr. **S*fftSU ^©^-ClBOg&Atftfc© 

[0014] 3 &/J^Jl'.£.&©<ag#jjStfc£[5]± 40 

^0iIL3jc»5^ffi&ffim3n-rc=.S (W*.tf. Y.Oka 
da, J. Huang and C.Xu, 8th International Conference 
on Bianagnetism, Munster, August 1991) „ J^T. @8 

[0 0 1 5 ] S8«. 0 7 CC^L n©— £P£ 

*ifcte+*i*M c@8^ii/h3&n£ir*T) £i§fini2 so 



(3) 



[ooi6] vfptyUifi^. co&iKmmzm-rzm 
mtirmt J: n « . ^sjcc^s l fc«^w n tciifln l 

Tv£©$t#2K -€-©/c*. (5) Stcist^^? F 

* c p ) <Dwm&& < ft *) . s^-'ju A^on-^tis* 5 

[00171K?. *HlflBAtt. it«:»IBT6-3 4 
3 6 1 3-^Ri>*#PI¥6 - 3 4 3 6 1 4-^0Cj:-5r, fi. 

/h^ii/AfficciorJtsstifcssKswrt. ffi©*^ft 

©»«£«** Utt**6. *SKR*fflie«l:<«t5eOJ:9<b 

[00 18] Urt>U */JwAAffi*fflC>fc«fejB©llt 
f^Tli. ®ES-fe>tr©£fcm CSC©MK) <kOfe§^ 
^^htCffiJEOteWlEillCX. Y, Z^lfi]©^*?** 

<3n>m) ZwifetLX^ZCDX?. ^T.#.±©*^0 

©sssas <t inn $ hfc»» <t © bb^^^-t f^i«f ^ 
fiftsaEis*#sr 5 ®gtc*ji>-c . e/jN©^*rapi 

[0019] fCf, MfC*JUMA«. -4 7 

2 2 O-^tcio-C. ESM-fe^©!!^!.*^ 'b^ft^flS 
r-^^=felS3£ 1/ . ©#tST^Lh©*»I©«dSjS 



5 

£ ft o U , S'JvTft t, » £ flSr S ftfc 

2 «t»rffl*»«/jvc $> 5 c £ =& t > 9 . 

[0020] C ©qNSK ititf. RjeLfcfttt^-Mlt© 
^©^^©Mfc£&&M-te>-tf-©<IiU: 9 *>4>ft< 

«lje*J:*)iE*«:ff5ci3*fC**. $*>fc, frlB2^ 
WH^VniCi'h i tt * £ * o*%s& nomas £ 
t/ci«e-r£©r. *»®WieiR*!|$j&r4jia-c. jr 

[0 02 1 ] fc/c, C©fSicJ;ot:i. ft*$JWT©J: 

racto*, ±»ofc«}KR/h 

*±©SiJiaS©^e-y>h Cfrft. 4«6-3;Cp 
SJi@©*-j<> hCc/^y^ayg^l/JSt,*. S/c. ftiffj 
[0022] 

!f$Bi¥6 - 1 5 2 6 8 0-Sf mg3¥7 - 3 2 7 9 43 

Ott^J^iEBWttliajESha. fit. fttt^f-^LhCD 
£©2^^i. MiE«Izj£ig©£*tf#2i£fO (JWT. 

iss Am\ thus) £©#i£S;Mc-r&£ 

i^g&zmiLT: . sts^.±©sisaa*j»ffi{c«t o 

[0023] sss3E©»m«:iK^-c. #*>6ttfcss£i8i 

^BtS3*lTU£ffi^7 : --*£©2JiP^£#tfK|gtJ&5 



(4) RpBa^P 10-211181 

6 

A^tWCc^/hi fcofc*«*»*MBJIK34-i&. £/JvCftl> 

©^^SS8£®^aT4t^*©#ifi^ffe©^d&Sf 
**«&3«T^>s#jW*iaBS*i<5. f i/t. strie© 

[0024] ±©3tilK:^^^{$fSttmdS!®itS^g© 
^ft<ft*£JWf3F$*-i5©r*.&. iC5#, c<D%m 

^{mnm^mmmm^x- t> . a < ft 

20 hi^ffl^**. */c+#tc»?$' S C £ ft < te#5£ L 

r^ort^i^e,n-2 > ©'c&?)„ 
[0025] &.±(omm tcm&, ccomrnz. ffe©tg-r- 

£ ©St ^^©Wii&^S^ teCtez. 5 £frf§»HIS£ 

jsaeesKftw-i-sc £*»«£■*■ s. 

[0026] 

«ssaB©ntu©^ccffit,^*i4*iffiag©s*#* 2m«i 

^^S^?®©mi±itc^LT9i^(C^t6LTC^j:t,iJS^ : 
^^©•Ctiftt^iJiailu/c©^^,, C<D-^i-)V^ 

•fW* (i?l< «fsa!-r^©T**5^) . (u (wi 

• Pi 1 ) } ■C*$h5fe©T*0, CC-C. i : 1~3 

n, a : ■^■r^T-^mom.^^L, wi -.wm.-k>-y-fr 
est)©i^ST'*-5. c©^jUf^^©fPffl^ffiet)K:mx. 

c©c£*e,-rn{i. ffe©^.^6j@<nin/<is 
(ara«T-*> Kfei^r. fHWBan^-rxj&JMH-r 

fe<S£ ft ^ J: -5 T&titfJ: l> i JSI^S titc(Dr-$>Z>. 
[0027]fCt, &»T^£©~^.'U7WJI£8if* 

fiFfiE©W^5fe£*BSI^L-C*5 6-r. aFgfST^*€>C 
£r-^^^^^^A*ftffiiftSci(ift< . itfite 
50 *(ctet^T i>m8tmmjg.s tizmmziz&Lx^tc 




«3SBIBO*IM£*&fi«rfflC»r*s»). l»mecthfc. ffi 

&J|l£Jgl>Tl>fc<h#;it£CtSoft:©-C*.&„ 
[0028] ±.12© J: 5 tt«*«ftCc:att It . jtPIfg 

^©fffiowiE^^t^f -f 3i©s*^»©ai> t a 
f- .* ^tcfcw &.««*©© 2 se©fi*#e* (jtzM& 

tt) £-»©*> ©ttMT . «N^ja&. «KD£ft?-jfrt- 

3? *> mmw3±v t s 4 c » ^ a s km 0 . cnic 
£9. c©^*sEi£3-esc£ai-ctrfc. 

[0 02 9] l/toP^T. JhKBWK:lB»-J-Sfc«!>» C 
©fSW©£fl^«^ifc8&Hi5£ilEtt, £#?§«>ig«EiSi© 20 

fig. i,mm<mm&*:im-?z$i&-e$>^ 
t, (a) fem(*©^»r>Ftfifi^tciagie<i$n. ttrsa 

r zm&mvMm,^ >v-t. < b ) MfB&asM-t: >mt 

i^-fSaft^^i. (c) iosBf^Jl'-f-* 

$ nfc^i?^- $ « jRie 0 TSEttre- 5f-$ nxm^ia 

t. (d) flUKSttrttftffitttc. *Offl»3WliriE«air 
>t*-©<l&± 0 b'Pte < ft* J: 5 KlHkflOWfrAfctt 

( e ) HulB&tS^Jb©*ai 30 

«wt«afwa«r«ii i stria-?- ^iixsi^&ftiati.;* n 
fc»»?- *© 2 illi . BusesffiDiS©s#tt# 2 * 

^©*i£®*#*S«fiiE®J*m3MR<J: . ( f ) iris* 

*» <=> n-gL l /c® j? t m mtsste > * tc <fc 0 n 

5*»£«K-r S¥<J8r# 134 . ( g ) SulB 2 IHBMfcfcfttf 

S6S!a»ffi#l8t?*«bfcS^^±©«fi£®©rt. fit©* 40 
* tt«»**qMET 5tS^*©ftifi^ftk©^*8f 

t. <h) Bt8B««jBlWl*S. IOE«K*a. te^Cf 
JWB«^iSfflI2B#»tc J: £ S^S^iMI 0 il t, . . SulB 

tifct&scDMRicitim? z^mmznvn&LW. t mm? 

*MBgmn£.*&t . ( i ) 8MB«SteH1*3e#R-C«tS 
$nfcm^%> 8?iEl^ft©^»r*t&&*£©»ria»«: 

satiate* t»-c. mnmmwMtums.x-13.. so 




fcilT 10-211181 
8 

CCJ:D. >PtIc.T-5»^ffij!S©2mfil(i:-?-n'? t *iK*«W*5 

[0030] CflSJSJ C©?^©£tt^ttaESJg3gS! 

SiSaiz > IfrftS'J $ ti/cS!yJxB5^« r- ^ »fgt 
f^$Af-$OTJ^, ^-SJRUMNgtciBtt 
$n£ 0 ^bT. tt^BBt^gMcJ:*}. 

^*Jb©*a©^M^stj-riii?4 Btrea-r- ^nx* 

2 *fa<t ©W**^K:^£ <b -5 

*©«HfjS 4 ^nfte©^t§^.#. i ©^HsBiKS-^t, > r 

[003 1 ] CCT. Sfi£ai[©g*##2^WC*S^ 

T£S> ^©ffi^/h5<^£il.^14S* 5 *-5©-C. # 
(±1 $ h5*«gfl>g)Ii©^7 v *i3WU $ ti£ i £ 6 
(c. «S£iB©g*«#2^«Kc4sW£SS*^0tK:«S 

R5ts : f-*©??ffi35iffi©siiia-3r*6*Dti < mm* 

[0032] igst^r. Sii£S#m#g:-e3sj?>p>n/c:^z?gs 
r- $ JR^^CClBlt $ nt 1 > £figSf r - * 4 © 2 JUS* 

*g¥WSBg^scc«fc 9 . B5iBme£zs©w#©f **e>n 

fcSSSjSOrt. ffl©^Sftm^jS*J#ffiT-5^*©« 

t U r «t3E § ft £ . SSSSS^S^S-CitS 3 fifcttiftS 
». «^#S«c±0«^(*©^Bf*t*®iS©BrHflatt:a 

[0033] 

[§tw<Dwm<D&m] «t. c©^©*t*rg«jS8sa5 

}i^^g©«SF!l5:0ffl^#Mbft^655iHJ-r£o 
<® 1 ni&W>m 1 »90feM©^»iitt«%8fiUS«cB 



SQU I D-te>lJ" 1 £&fStCtf64vC<r*&o iiSO/cJ;^ 
[0034] 7;^ft>WSQU I Dt>tltt 

QU I D4z>1M*»»4Lfc3»5cffia»CCSfrS« 

SQU I DHz>1M rt*HJT*t <LKl<fcg, vjU?-?-* 
>WSQU I D^>*1^3tT5»«lttM<D(ljBBII« 
*ffiS-r* 0 ft*?, SQUID-fe>tlW^?4^($ 

¥5-2 3 7 0 6 5f, ^6-7 88 9 2 5^t' 

^ h5«:*a>j&nfc»»-5 r -*K:«^ti'r, *£1&ffiVi<D 

mmttm.m®ft (ommmamr z>tc&<Db<DX'foz> 0 

0*. Cnf>^It±tCl^b?nt (TV) il=y- 

ittj, «£Sftfc««HS<^*tt#7-^-* i oo 

(Bdi - B i ) 2 + Z 



(6) ftmW- 10-211181 

10 

S38£»-*- -5 <fc 9 ccaiffii, r <fc t ». 

[0 0 3 6 ] ±iJ5l,fcJ:5CC, 7^ft>*;VSQU 

wc * 5 ma « ha ic 3 ^Tcott^wN * aoer s 

(X-r^^S 1 ) . CtT\ «*riWN*Coc^T©5fejffl 
g(3n (Stt^j£CCOl>TX. y, z^ifiiccffissns 
«SKjBM)ffl») "7;l/^*>*;bSQU I DH2>* 

20 ft < St Z <fc 5 fc , N 0«HF-^0»*SRje 3 ti 

[0 0 3 8] ^LT, ^C3) r*3tl*?T5*JA(DS«» 

[0039 } ±jfiufca:c4) «ot t asM*fe>^s 1 

30 ^h/cIWf- * C B d D 6#tt^«£J:©«fciH 
CP] %3c»*. SC(4) *«»TfiiT«:iST. 

CP J =A" (Bd) (4) 

[0 040] ?t5»JA»±^L/c(3) SCr*Sti4. 3n 
xmfB^*^4>o/Mf^jT'^)^ 0 (4) ^CC^JliT, 

cpd MBAis^s, -s. ccaa-r»w cbj to 

2f^MI CBdD-CBD | i, «T^^t^t;lf 

40 -r ^ <b o^o-ca $ titcmmm& f *«/Nc-r s <t ^ 
a cpd ^mmr^ 0 c©wfiBB»*ac73 cc^-To 

[004 1] 
[K3] 



f - E 



( A i . W i • P i 2 ) 



(7) 



[0042] wmsm<ommmm<D2fkm^ m2 sro!S8ccj:^ss^t>tw^c«)<?)Mrft 



XL 



m i 3®cdjsis<d 2 zk&Mcofrz&'Hc-rz t to s&fr-c 
#8? t L/ x urn <* n s c i asgiss s n s . 

C 0 0 4 3 ] It, CCD^ccfcW^ikW^lffiSt 

©«#«SU1 5r^£t5. ^B6St*^t>a<!:S*^ 

ffe©«^- * A^Mft T t > £ © £ £ A i # * 

[P] =A* CBd J 

A* = (A' A + T • W) - 1 • A' 
(9) 5$*© Hi, X&OQ)X&2tl2>'imX-i>t) . (9) ★[0045] 



(7) tPlf 10-211181 

12 

*★*<&*!&*. ^c?) +©^*;u^*gi<Die****:* 
[0044] ±8B©ffPfliW«f *«^{C-S"4 itO*^ 



(8) 



(9) 



A, 



•(10) 



[0 046] 



W= 



w, 



w 2 



0 



Wn 



•(11) 



[0047] cct. -mic. mmp i jmbhmhee 

(i2)(Dj:-5K:-r?)C<h-c v 5fc$bS®jic?SiP i Kot^r, 
«8«efi &©£«(<: J: SIB* (tfittot. i 
#fiBJS9J5£E©i£< (cfBS 3ti&&b>9ttffl) + > 

[0 048] 
[&6] 



- £ A ;j 



•(12) 



40 



[0049] ±feUfc(8) SCt C9) 5£iC<k 01 
CP) Xf^S 3(Cjl/^r. ffiEStltc 

cPD^asm-t2>-y-s l ~s. ccsti-rsai? 
cb) tmm&titcmm- CBd) <t<D2^^i. ±a 

4. ccv. mm<Dzmmmt^-t-^f- <mt 



50 



4*»0jE-rjlS'C. WEKStitettT-^iWtcot^-c. 

±MLtcz.r » vs 2 . S3©^ffltc«fci3. -en-en* 
[00503 */jN-efetii*JW$ n/cis^ti^^ y 7S 

4tCji*. Xf-5»7'S2 ~C3i#)fcWlf$,Wk CP) ©<£. fit 
[005 1 ] m<DrKiSUWSM»WS.-fh^-^.K.. ffe 



13 

**»6*i*. *«HF-*©»«WE«»j8SK:.»5e3ns. 

giJ©tt*-jj&HM«*tt,Ttt. «>£mifc 
©*# t, »tfr?ja*<W> 4 -T •5St*(*<DH^8ciS5tS«£© 
4v$b*SWF£8fl$&tt'*'&. C©&*. &##©* 

WAtf, «£«*©** CftCC& 

[0052] tt^HM^Itft, 7 ^S2 CCg? 

mifcig CP J £Srfctt:#at>£ 0 tor. xt^s3T 
Bt^Ssgggi ^^r- -f at ©ffla^rt^ttttcft/JvC* 
*jW5*»©*Wr*fT(r». i'l^tt^iWMlfc^Bl 

asufc* » ^ s 2 - s 4 n jeut 5 . 

[0053] Xf f ^"S3-rft^-C*Si*iJBrSnfc« 

. x :> 7 - s 5 k. is^xjzmmicm'b t & o td&n 

CBJ Wft» CP) *X©J8«6W4«3e-r4. 

jiowjKRtbrf&jesftfc*** cpd w> nic* 

t/fcaaKftfw X^gCCiEltSftfcXiKCTfll^MRK 

[0 054] <VS»U-5/g»±20fc*ffiOffl 

I 22 0 mm©iLfrttK 1 0 n A©^8foWj£ttT(,>-S>^i 
WtM&mMbtc. mm.M'S: 1 2 9<l©58m-fe>1fCttPJ 
U/cm« (ffi<»aitffJtS/N = 2 0 ) JC 3 2<I©t§^- 

^ a ^m^zm 3 tc^-r. s/c. 3£(7> tpo^i- a,?- ■< 

*s 0 . C *U3:«J5£ > W XCC «fc i, 4> ©-C*3R«#ffi L£t I > 

©* 5 k rnisas jwehk atje 3 nr (,» a c t &m 
[0055] <m2mmw>mimfemvmwLtc^m 

£tf 5 C t *s-C * 6 # . *a*iftS©4$££« 02© 

Wl/-Ct»*»^K. Cft&©»ift»WEL<iB£3*aB 

15 £ £>oHg£#. i>iE L/ < Jt^-f S C t S «fc 5 CC 0 
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